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THE EFFECT OF FOOD DESERTS ON EARLY CHILDHOOD 
DEVELOPMENT 
LONG TRAN 
ABSTRACT 
 Food deserts were first mentioned in the early 1990s to describe an urban or rural 
area with low access to healthy, affordable foods. Thus, food desert residents often have 
trouble maintaining a healthy diet which puts them at higher chances of developing 
adverse health outcomes. Food security, the idea of having access to enough food for a 
healthy life, is often associated with food deserts. Food security studies including those 
involving children living in food insecure household have already provided strong 
evidence showing the harmful impacts it has on childhood growth and development. 
While numerous studies on food security and childhood development are readily 
available, fewer studies exist that provide any strong evidence between food deserts and 
childhood development. This longitudinal study attempts to make the association 
between food deserts and childhood development with the hypothesis that children living 
in food deserts are more at risk of poorer growth and development. The study recruits 
eligible household children between the ages of 12-14 months living in a known local 
food desert along with children in the surrounding non-food desert areas. The participants 
are tracked in clinic over the course of four years at six month intervals while measuring 
for the desired outcomes. The primary outcome in the study is mid-upper arm 
circumference (MUAC), though length/height, weight, and food security are additional 
outcomes that are measure during the study. The MUAC data is converted into a Z-score 
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for both the food desert and non-food desert groups respectively. The mean change in Z-
score for both groups is compared with one another using the independent sample T-test 
looking for statistical significance. The results of this study would address a large gap in 
the current literature on food deserts. Prior studies have employed a cross-sectional 
approach in looking at the data and have been limited in the strength of the study. This 
will be the first known study to propose a longitudinal approach towards looking at food 
deserts and its effect on the study participants. In doing so, this study hopes to provide 
new context on food deserts in the field of public health. The significance of such would 
allow public law makers to implement new strategies or policies that could address the 
detrimental impacts food deserts have in the local community. 
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INTRODUCTION 
Background 
The term “food desert” was first coined in the early 1990s in Scotland to describe 
areas of urban and rural neighborhoods with low access to healthy and affordable foods.1–
3 Since that time, the definition of food deserts has gone through multiple iterations and 
updates to include specific parameters. For example, the United States Department of 
Agriculture (USDA) defines food desert as an area where at least 500 people and/or at 
least one third of the census tract's population live greater than a mile from a large 
grocery store in an urban area or greater than ten miles in a rural area.4 As studies on food 
deserts increased over the years, so has the understanding on its impact in the general 
population. It is currently estimated that 23.5 million people currently live in food deserts 
in the United States.5 These individuals typically live in low income areas with little to no 
access to supermarkets that carry healthy and nutritious foods.6,7 This creates a barrier in 
maintaining a healthy diet which increases the risk of chronic health conditions including 
diabetes, cardiovascular disease, cancer, and obesity.8 
The many detrimental impacts of living in food deserts includes the role it plays 
in determining household food security. Food security also became recognized in the 
early 1990s in the US. However, its definition has remained mostly unchanged since its 
inception. Food security is defined by the ability of all individuals to have access to 
enough food to live an active, healthy lifestyle.9 By the mid-1990s,  the USDA developed 
an eighteen question survey in order to screen for food security in the general population 
and distributed it annually through the Census Bureau.10 In 2014, 14.3% (17.5 million 
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households) reported experiencing food insecurity while 5.6% (6.8 million households) 
reported having very low food security. Among those households with children under 18 
years old, 19.5% reported experiencing food insecurity.11  
Similar to food deserts, food security affects those living in low income areas and 
has long term effects on an individual’s health. Chronic health issues such as depression, 
obesity, hypertension, and diabetes in adults have been linked to food insecurity12 while 
children living in food insecure households are at higher risk of birth defects, anemia, 
asthma, cognitive and behavioral issues, and hospitalizations.13,14 Food security 
influences a child’s development beginning from the neonatal period extending up to 
older childhood. Food insecurity in younger children less than 3 can lead to disruptions in 
nutrient intake, which not only negatively affects their growth status but also important 
cognitive, linguistic, social and emotional skills that are needed for adulthood.15,16 In 
older children between ages 3-8, food insecurity has been linked with low physical 
function, poor academic performance, and low psychosocial function.15 
Statement of the Problem 
Only a relative small number of prior studies exists on the topic of food deserts in 
the United States possibly due to the fact that most data is collected during the food 
security survey which is only conducted annually.3 Thus while there has been a fair 
amount of pre-existing research exploring the association of food security with childhood 
health and development, the link between food deserts with childhood development has 
not been extensively researched. Children have a higher risk of poor development from 
food insecurity given their dependence on their household as a food resource.16 This 
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problem is exacerbated by living in food deserts where household access to readily 
available healthy and nutritious is compromised.17 The few studies that have examined 
associations between food access and childhood development acknowledged limitations 
that need to be addressed in future studies.16,17 One common limitation amongst these 
studies is the cross sectional nature of the data that is collected. While these studies have 
recruited children from a wide range of age groups, they are only able to collect data 
from a single point in time in the child’s development. This limits any discussion of 
causality that can be generated from the results.5 A longitudinal approach tracking the 
same participant over a defined period of time in the study has been acknowledged as a 
need in future studies to address these concerns.16 
Hypothesis 
This paper will examine the relationship between living in food deserts and its 
long-term effects on childhood health and development. Specifically, the hypothesis is 
that children who grow up in a defined food desert are at increased risk of poor growth 
development including in: mid upper arm circumference, height, and weight for age up 
until the age of 59 months.  
Objectives and Specific aims 
The goal of this paper is to provide more information to the growing research on food 
deserts and its associations with childhood development. Specifically, it will examine 
how living in a food desert is associated with adverse developmental outcomes for 
children living in these areas. It will also explore at any associations with food security.  
The study will use a longitudinal approach to look at participants over a period of years in 
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order to provide a more comprehensive look at the effects of food deserts on childhood 
development. Certain developmental markers will be measured along the way to track the 
progress. The USDA standards will be used to determine the parameters of the food 
desert in question. The USDA food security survey questionnaire will assess for food 
security in the households of interest in the food desert throughout the study. Specifically, 
this study aims to: 
 Examine how living in a food desert is associated with childhood health and 
development  
 Examine how this relationship may be associated with household food security 
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REVIEW OF THE LITERATURE 
Overview 
Food Desert  
Social determinants, such as social economic status and living environment, have 
often been seen as influential factors contributing to an individual’s overall health.1,5 Past 
studies have often linked these social determinants to the growing health disparity in the 
United States.1,3 Individuals on the bottom of this growing health disparity tend to 
experience associated adverse health outcomes including increased morbidity and 
mortality.3,8 For example, individuals living in poorer environment have increased 
exposure to risky behavior, including smoking and alcohol use, pharmacies with limited 
medications, and supermarkets with less availability of healthy, nutritious foods.3 The 
decrease in accessibility to supermarkets with healthy nutritious foods helped introduce 
the concept of “food deserts” as a prominent research topic in health disparities 
research.1,3 
The term “food desert” was first coined in the early 1990s in Scotland2 to describe 
the both urban and rural areas with low access to healthy and affordable food.1,3,7 Food 
access is often defined by some distance or proximity to the nearest supermarket or large 
grocery store under the presumption that they offer a variety of healthy foods at a 
reasonable cost.7 Since that time, the definition of food desert has undergone multiple 
iterations and updates depending on the particular group or study. Examples have 
included: ten or fewer stores with no more than twenty employees in urban areas,3 areas 
without access to healthy foods or other nutritious options,18 or neighborhoods with both 
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little access to healthy foods and low average household incomes.19 The United States 
Department of Agriculture (USDA) defines a food desert as a location with both low 
access to healthy food and low income,5 where at least 500 people and/or at least one 
third of the census tract's population live greater than a mile from a large grocery store in 
an urban area or greater than ten miles in a rural area.4 Still to this day, what constitutes a 
food desert has been a highly debated topic with no clear consensus among the many 
groups that study them.3,20 However, most studies define food deserts with respect to a 
spatial variable as seen by the common practice of categorizing them by a pre-existing 
area units, like the United States census tract.18  
However, some studies have argued that the inconsistent association between 
food deserts and health outcomes is best due to the over-reliance on their single spatial 
definition.18 A review study by Widener et al refers to a case where a new supermarket 
was opened in a low accessibility census tract in Philadelphia, PA. In a follow up survey 
a year later, the study found no significant impact on the food shopping behavior or 
health of the residents in the census tract.18 They concluded that a spatial and temporal 
approach may provide a clearer picture on human behavior in food deserts.18 Temporal 
factors to food accessibility in food deserts can be viewed from both the supply side and 
the demand side.21 From the supply standpoint, food accessibility can vary over the many 
years, such as the opening and closing of new supermarkets. It can vary over the seasons 
such as with farmer’s markets that may have more difficulty with selling certain healthy 
produce in the colder seasons. It can also vary over the weekdays, such as the operational 
hours of supermarkets throughout the day.18,21 Prior studies have demonstrated this with 
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poorer neighborhoods finding better food accessibility in the summer than winter months 
due to seasonal farmer’s market or the reduced access to healthy food outlets because of 
limited daily opening hours.21 From the demand standpoint, food accessibility largely 
depends on the availability of the individual.21 Individuals are highly mobile often 
traveling for work, visiting family and friends, or running errands which gives them 
various food accessibility from different sources throughout the day.18 Other examples 
from the demand standpoint include the operating hours of public transportation getting 
to the supermarket, an individual’s work hours,21 unsafe neighborhoods at certain hours, 
or lack of time to prepare meals at home.3 Income may also play a role for some 
individuals. In the United States, the Supplemental Nutrition Assistance Program (SNAP) 
provides food assistance to low income families once a month. Many families spend the 
majority of these benefits soon after receiving them leaving fewer opportunities to buy 
food later on.18 Incorporating additional temporal data provides a more detailed picture of 
how individuals interact with their food environment over time and rather than just the 
potential exposure to food sources as seen with spatial data collection alone.18 
Food Desert Supermarkets 
Using the USDA’s definition of food desert, an estimated 23.5 million people live 
in food deserts throughout the US.5 A few theories have been proposed on how food 
deserts began developing in the US with one prominent theory attributing it to the 
migration of supermarkets. Over the years, big name supermarkets began developing on 
the outer boundaries of inner cities due to zoning laws, which made it more difficult for 
them to purchase large plots of land within the city. These supermarkets often offer 
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longer operational hours, better parking options, and better prices and quality of foods, 
making these venues more appealing to customers. This, coupled with a median income 
shift from inner cities to suburban areas in the 1970s and 1980s meant that over time, the 
smaller independent neighborhood grocery stores had to shut down.3,19 The shutdown of 
these smaller stores and expansion of larger supermarkets in outer areas eventually 
created food deserts where affordable, quality food was hard to access.3,19 The situation is 
often exacerbated by most residents of these food deserts being low income with no 
personal vehicle, limiting their ability to travel outside their immediate area to buy 
food.1,3,19,20 
Supermarket inaccessibility in low income areas create barriers to obtaining 
healthy low cost food, especially in those who lack reliable transportation.1 In the US, the 
lowest income neighborhoods have 30% fewer supermarkets than the highest income 
neighborhoods.3 Supermarkets generally carry a wider variety of foods, including 
nutritious options that can support a healthy diet6,7 and reduce the risk of many chronic 
diseases such as diabetes and cancer.19,22 One study noted that increased access to 
supermarkets in the US was associated with a lower risk of obesity and increased access 
to corner stores was associated with an increased risk of obesity.1,20 Another study 
conducted by Kelli et al exploring at the relationship between cardiovascular health and 
living in food deserts found that residents living in food deserts had a higher cardiac risk 
profile including systemic oxidative stress, inflammation, and arterial stiffness.5 The 
majority of these health issues are a result of a compromised diet from low access to 
supermarkets.20 These diets typically contain low fruits and vegetables and heavy 
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portions of sugary or high fat foods.19  Eating fruits and vegetables is associated with 
decreased risk of diabetes, cardiovascular disease, cancer, and obesity. Thus, the 
consumption of few fruits and vegetables than recommended in low income communities 
in food deserts areas contributes to higher rate of morbidity and mortality. Fruits and 
vegetables in these communities were reportedly not purchased regularly due to its high 
costs and inability to satisfy the hunger of a whole family, whereas high fat and sugary 
foods were considered cheaper and more filling.8 Thus, the lack of availability and 
accessibility to supermarkets, seen in food deserts, is viewed as a key barrier to eating a 
healthy diet.23 
Another consequence with poor supermarket access in food deserts is that 
residents turn to smaller convenience stores, corner markets, or fast food outlet which are 
highly prevalent in these areas.3,20 While some studies have found that increased access to 
fast food outlets and convenience stores -- which mainly sell energy dense, nutrient poor 
foods -- contribute to diseases like obesity6, other studies have noted that these local 
convenience stores also tend to carry a higher selection of unhealthy foods at a higher 
price.1,19,20,23 Hendrickson et al conducted a study examining low income urban residents 
who shopped in small local grocery stores where fewer fruits and vegetables were 
available and healthy foods were not as affordable.8 While supermarkets carry these 
unhealthy food options, smaller convenience stores typically carry more readily available 
unhealthy food options such as chips, soft drinks, and processed foods.19 This diet high in 
processed foods, frequently containing large amounts of sugar and fat, often leads to 
poorer health outcomes.3 Likewise, smaller grocery stores often carry brand name items 
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in smaller packages, which can increase the cost of foods, whereas supermarkets carry 
both brand name and generic items in large and small packages, which helps to keep 
costs lower.3 In addition, the smaller size of the stores and risk of theft in the urban areas 
may severely limit the amount of shelf space the owners commit to stocking a variety of 
foods.3,8 This creates a vicious cycle where concerns of theft scares small store owners 
into increasing food costs, and the increasing food costs, make theft an attractive option 
in low income neighborhoods.3 
Food Deserts and Food Security 
Food security was initially studied in other developed and developing countries 
before it was studied in the US. In 1990, US congress passed the National Nutrition 
Monitoring and Related Research Act that initiated food security measures for the US 
population.9 In that same year, the American Institute of Nutrition developed the 
following definitions for food security, food insecurity, and hunger. Food security is 
defined by the ability of all individuals to have access to enough food to live an active, 
healthy lifestyle.9 Food security also requires that food be readily available, nutritionally 
adequate, and able to be acquired in safe and socially acceptable ways (e.g., without 
having to scavenge, steal, or resort to emergency food supplies). Food insecurity is 
defined by the scarce availability of nutritious food options or the associated difficulty of 
obtaining foods in a socially acceptable way.15 Hunger is defined by the recurrent and 
involuntary lack of access to food further characterized by an uneasy or painful sensation. 
Hunger can potentially, although not necessarily, result from food insecurity and may 
lead to malnutrition over time.10 Since that time, the term hunger, however, has since 
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been replaced with severe food insecurity.10,17 Tolzman et al conducted a study 
investigating food security in a known food desert located in a census tract in La Crosse, 
Wisconsin. In their study, food desert was defined similarly to the USDA’s definition 
where at least one third of the population lived more than a mile from the nearest 
supermarket in an urban area or greater than ten miles from a supermarket in a rural 
area.17 The study showed that 14.6% of households reported severe food insecurity while 
33.9% had some level of food insecurity. Those who reported not having enough money 
to buy healthy food was the best predictor of severe food insecurity. They concluded that 
living in a low income community with poor access to healthy food, such as a food 
desert, could significantly increase the risk of food insecurity.17 
Food insecurity often occurs in an episodic and cyclical fashion. An average 
household may remain food insecure for seven months out of the year due to when food 
is more readily available or accessible.14 The lack of accessibility to readily available 
food is no different than what residents in food deserts may encounter. Mayer et al 
conducted a study investigating food access and food insecurity in over 11,000 
participants in Southeastern Pennsylvania. Those who reported easy or very easy food 
access were less likely to report food insecurity and those who reported fair, good, and 
excellent quality food stores were also less likely to report food insecurity. Overall, better 
food access in low income communities lowered the risk of food insecurity.24 The 
unpredictable behavior of food insecurity forces households to pursue unhealthy coping 
strategies. Food insecure households will generally choose calorie dense, nutrient sparse 
foods that are more satiating or overeat in times when food is more readily available. 
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These maladaptive behaviors, however, generally increase the risk of undesirable health 
outcome.14 
US Food Security Scale Survey 
The National Center for Health Statistics and the USDA eventually developed an 
eighteen question survey, the United States Food Security Scale (FSS), to measure 
household food security level (Table 1).10 This full length questionnaire survey, 
standardized by the USDA, has been employed in most US-based studies regarding food 
security.25 The Census Bureau began administering the survey annually in 1995 with the 
results reported by the USDA and Economic Research Service (ERS). A Children’s Food 
Security Scale (CFSS) consisting of eight questions within the larger eighteen FSS 
directly measures food security related to children in the household. In 2014, the 
USDA/ERS compiled the results of the annual survey conducted by the U.S. Census 
bureau from a total of 42,147 households that participated in 2013. They found that about 
14.3 percent (17.5 million households) reported having food insecurity. Furthermore, 
about 5.6 percent (6.8 million households) reported having very low food security. 
Among households with children under 18 years old, 19.5 percent reported being food 
insecure. Parents also will try to maintain a normal meal and diet for the children even at 
the cost of their own food security. Therefore, of the 19.5 percent of households in which 
children live that reported food insecurity, 9.9 percent (3.8 million households) reported 
having food insecurity in both children and adults while the remaining reported only 
adult food insecurity.11  
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Table 1. US Food Security Scale (FSS) Survey4 
1 “We worried whether our food would run out before we got money to buy 
more.” Was that often, sometimes, or never true for you in the last 12 months? 
2 “The food that we bought just didn’t last and we didn’t have money to get 
more.” Was that often, sometimes, or never true for you in the last 12 months? 
3 “We couldn’t afford to eat balanced meals.” Was that often, sometimes, or never 
true for you in the last 12months? 
4 In the last 12months, did you or other adults in the household ever cut the size 
of your meals or skip meals because there wasn’t enough money for food? 
(Yes/No) 
5  (If yes to Question 4) How often did this happen—almost every month, some 
months but not every month, or in only 1 or 2months? 
6 In the last 12months, did you ever eat less than you felt you should because 
there wasn’t enough money for food? (Yes/No) 
7 In the last 12months, were you ever hungry, but didn’t eat, because you 
couldn’t afford enough food? (Yes/No) 
8 In the last 12months, did you lose weight because you didn’t have enough 
money for food? (Yes/No) 
9 In the last 12months, did you or other adults in your household ever not eat for 
a whole day because there wasn’t enough money for food? (Yes/No) 
10 (If yes to Question 9) How often did this happen—almost every month, some 
months but not every month, or in only 1 or 2months? 
 (Questions 11–18 are asked only if the household included children aged 0–
18 years) 
11 “We relied on only a few kinds of low-cost food to feed our children because we 
were running out of money to buy food.” Was that often, sometimes, or never 
true for you in the last 12 months? 
12 “We couldn’t feed our children a balanced meal, because we couldn’t afford 
that.” Was that often, sometimes, or never true for you in the last 12 months? 
13  “The children were not eating enough because we just couldn’t afford enough 
food.” Was that often, sometimes, or never true for you in the last 12 months? 
14 In the last 12months, did you ever cut the size of any of the children’s meals 
because there wasn’t enough money for food? (Yes/No) 
15 In the last 12months, were the children ever hungry but you just couldn’t afford 
more food? (Yes/No) 
16 In the last 12months, did any of the children ever skip a meal because there 
wasn’t enough money for food? (Yes/No) 
17 (If yes to Question 16) How often did this happen—almost every month, some 
months but not every month, or in only 1 or 2months? 
18 In the last 12months, did any of the children ever not eat for a whole day 
because there wasn’t enough money for food? (Yes/No) 
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The Impact of Food Security  
Food insecurity has strong associations with poverty, unemployment, and high 
housing costs. Further, it is made worse during times of inflation when increases in food 
or gasoline costs can put extra stress on a household’s budget. As such, food insecure 
households often find themselves forced to make difficult decisions, such as paying for 
food or paying for things like medications, utilities, and housing.14 Thus, food insecurity 
also makes it more difficult for patients to adhere to healthy medical recommendations. 
For example, food insecure diabetic patients have reported more difficulty with following 
a diabetic diet, medication compliance, and higher diabetic stress.12,14 Furthermore, 
unreliable access to food or medical resource may also explain the increase in 
hypoglycemic related hospital admission since in these low income communities.14 
In general, food insecurity is associated with poor overall physical and mental 
health.24 Children in food insecure households are at higher risk of developing birth 
defects, anemia, asthma, cognitive and behavioral issues, increased aggression or levels 
of anxiety, and poor oral health, as well as having decreased nutrient intake and a higher 
probability of hospitalizations.13,14 Meanwhile, in adults, food insecurity is linked to 
decreased nutrient intake, mental health issues, poor sleep outcomes, and chronic diseases 
like depression, obesity, hypertension, and diabetes.12 Even marginal levels of food 
security have been found to be associated with developing metabolic syndrome.9 This 
may be due to the fact that adults living in food insecure households tend to have poorer 
dietary intake, especially with the consumption of Vitamin A, B6, vegetable, fruits, and 
dairy products.14,26 Another explanation could be that in food insecure household with 
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children, parents will try to shield their children from food insecurity by altering their 
own eating habits to the extent that their dietary quality may be more adversely affected 
than their children’s diet.10,26 
Food Insecurity on Household Children 
For children, food insecurity is recognized as an insufficiency in both the quantity 
and quality of food available.10 Like their adult counterparts, children in food insecure 
households have decreased consumption in vegetables, fruits, and dietary iron.14 In 
general, energy dense, nutrient scarce foods are more filling and less expensive. Low 
income families and food insecure households find it more convenient to fend off hunger 
by consuming more of these inexpensive energy dense foods, which often contain 
unhealthy amounts of sugars, salts, and fat.10 In young children, who have smaller 
stomachs capacity, inexpensive junk foods like sweet sugary drinks and french fries 
allow them to reach satiety quicker but at the cost of crucial macro- and micro-nutrients 
important for normal growth and development.10 In addition, food insecure children are 
more likely to continue these unhealthy coping habits well into adulthood, including 
binge eating or food hoarding.14  
When food insecurity becomes severe, parents may compromise food quality in 
order to protect their children from hunger.10 This, however, leads to an inadequate 
dietary intake and nutrient deficiencies, which is particularly concerning in young 
children who are more susceptible to disruptions in food intake.16,25 These issues may be 
compounded in low income areas where caregivers are limited by their education or 
financial restrictions.16 Furthermore, one study noted that adolescents self-reported food 
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insecurity more frequently than the parents would report in that same adolescent. This 
indicates that parents do not always completely shield their children from food insecurity 
and their children still experience some effects of the food shortages.26   
Additionally, families in food insecure households may experience stress, anxiety, 
and depression from not having steadily reliable food source,15 which leaves children 
susceptible to illness and disruptions in growth.16 Parents who develop depression and 
low energy from the worries of food security have their parent-child interactions 
negatively affected and ultimately the child’s growth, development, health, and well-
being suffer.10 A study from Fragile Families and Child Wellbeing, which explored data 
on randomly selected births from 1998 to 2000 across 75 hospitals throughout the US, 
found that food insecurity was associated with depression and generalized anxiety 
disorder in mothers and behavior problems including aggression, anxiety, depression, and 
hyperactivity in 3-year old children.9  Meanwhile a study conducted by the Children’s 
Sentinel Nutrition Assessment Program (C-SNAP) found that mothers with depressive 
symptoms had 169% greater odds of reporting household food insecurity, 58% greater 
odds of having a child with fair or poor health, and 20% greater odds of child 
hospitalizations suggesting that household food insecurity may indirectly negatively 
influence child health and development via maternal depression.9  
Overall, household food insecurity is associated with adverse health outcomes 
including the physical, cognitive, socioemotional, and behavioral development of 
children.16,25–27 According to the C-SNAP study investigating childhood food insecurity 
in the US, 90% of food insecure children had fair to poor health status with 31% of these 
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children having an increased risk of hospitalizations since birth compared to food secure 
children. They also found a dose response relationship with health status and severity of 
food insecurity. Those with household food insecurity had 51% higher chance of fair to 
poor health and 19% higher chance of being hospitalized since birth whereas those with 
both household food insecurity and child food insecurity had 100% higher chance of fair 
to poor health and 23% higher chance of hospitalization.10 
Food Insecurity on Child Development 
There have been few studies on the risk of food security during the prenatal and 
neonatal periods of child development. Those few studies have found food insecurity is 
associated with low birth weight and a multitude of psychosocial risk factors, though 
most evidence on the influence of food insecurity on prenatal development have 
suggested a more indirect relationship involving nutrition. One example concerns food 
insecure mother who enter pregnancy with diets insufficient in iron or folic acid. Iron and 
folic acid have been associated with preterm birth and fetal growth retardation 
respectively. Folate sparse diets in mothers have also been linked with neural tube defects 
and similar birth defects in their newborns. Prenatal growth retardation and premature 
births not only affect the child in the short term but have also been associated with the 
onset of diabetes, obesity, and cardiac disease later in life.10 Another concern at this stage 
of child development involves initiation of breastfeeding. Breastfeeding is considered the 
best source of nutrition for neonates, yet there is some evidence that mothers in food 
insecure households have lower rates of initiation of breastfeeding or shorter 
breastfeeding periods of time than food secure mothers. Breastfed infants of immigrant 
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mothers living in food insecure household had lower chance of fair to poor health status, 
chronic health conditions, and prior hospitalizations compared to those of food insecure 
immigrant mothers who did not breastfeed. This suggests that breastfeeding in early 
neonatal periods could buffer the effects of food insecurity. However, the evidence on 
food insecurity and breastfeeding is still not well studied with many confounding factors 
still possibly contributing.10 
In the first three years of a child’s life, important developments in cognitive, 
linguistic, social and emotional skills set the course for school and adulthood. It is 
marked by a period of rapid growth15,16 and is the critical window to prevent growth 
faltering and weight gain.28 Even small deficiencies in nutritional intake can be damaging 
at this stage.15 For example, food intake disruption can damage a child’s developing 
immune system which at this age may affect nutrient absorption.16 Further restrictions in 
the food quality can lead to dietary deficiencies such as iron intake.15 Iron deficiency in 
early life is associated with deficits in cognition, attention, and behavior,10,15,26 while iron 
deficiency in children in developing countries increases their risk of anemia and low 
height.25  C-SNAP investigated rates of iron deficiency anemia in the US and found food 
insecure children had 140% greater chance of developing iron deficiency anemia 
compared to food secure children. This may explain why infants and children in low 
income, food insecure households are at increased risk of illness, anemia, stunting, and 
underweight status.16 Ahmed et al performed a cross-sectional study on household food 
insecurity and nutrition status among children 24-59 months. The study found 39.7% of 
households reported some level of food insecurity, while the prevalence of stunting, 
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underweight, and wasting among children aged 24–59 months in these households were 
61.1%, 28.1%, and 11.8%, respectively. Furthermore, household food insecurity was a 
significant predictor of being underweight and chronically energy deficient. The study 
concluded that improving household food security could improve child growth and 
nutrition status.29 While food insecurity remains a known risk factor leading to poor 
infant health and hospitalization for adverse health outcomes in children less than three,15 
children who have weaned from breastfeeding or formula may also be at particularly 
increased risk from food insecurity due to their dependence on household foods.16    
Food insecurity, however, can still remain a significant factor in predicting 
children’s health up to age eight.16 Older children are impacted by food insecurity in a 
different way. Although older children have slower growth rates and larger intestinal 
volumes requiring less nutrient dense foods in their diet, mothers may focus more on the 
younger child’s nutritional needs, thus making the older children just as vulnerable to 
food insecurity.16 In children ages three to eight, food insecurity has been associated with 
low physical function, poor academic performance, and low psychosocial function.15  
Two studies that used data from U.S. Early Childhood Longitudinal Study-Kindergarten 
cohort found food insecurity was a significant risk factor for academic performance. 
Children started exhibiting the effects at even the lowest levels of food insecurity and 
scored lower on tests while also learning less during the school year.9 Amirkkhizi et al 
performed a cross-sectional study to determine the association of household food 
insecurity with underweight, stunting and thinness in primary school children in Iran. 
Students from 7-11 years of age from 610 households participated in the USDA 
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questionnaire survey. The study found 42.3% of households had some degree of food 
insecurity and that children living with food insecurity in severe hunger households were 
10.13, 10.07, and 4.54 times as likely to be underweight, stunted, and thin, respectively, 
when compared with those in food secure households.30 In another study, Shen et al 
investigated household food insecurity and nutrition status in children ages 6-14 in a poor 
mountain region of southwest China using the four signs of malnutrition, including 
rickets sequelae, anemia, stunting and wasting as biomarkers. They found that food 
insecure children had a significantly higher number of malnutrition signs than food 
secure children. Their study concluded that poor nutritional status from food insecurity 
had undesirable outcomes on a child’s mental, social, and psycho-emotional 
development.25  
Existing research 
Tolzman et al examined food security in a known food desert in La Crosse, 
Wisconsin. They chose 5 census blocks consisting of 2,068 households and distributed a 
survey with questions taken from the USDA FSS to assess food security. All data 
collected was entered into an online system database for further statistical analysis. For 
the analysis, they examined relationships between food insecurity, demographics, health 
behavior, and perceived barriers to food access. Of the 2068 households approached, 575 
(27.8%) responded to the questionnaire. Of those who responded, 33.9% of households 
reported some level of food insecurity, while 14.6% reported having severe food 
insecurity. Univariate analysis showed severe food insecurity was associated with several 
variables including: age race, income, education, health insurance status, home 
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ownership, and employment status. Self-reported potential barriers to accessing healthy 
foods related to severe food insecurity included: poor access to personal vehicle, no other 
form of transportation available, lack of money, healthy food costs, lack of particular 
foods, and no access to a stove. In the multivariate analysis, six variables predicted severe 
food insecurity including: health insurance status, owning a home, no transportation 
available to stores, lack of money, cost of healthy food, and smoking.  The greatest 
predictor of food insecurity with an odds ratio of 22.9 was not having enough money. 
The results showed that living in an area with poor access to healthy food, like a food 
desert, significantly increases the risk of food insecurity.17 
Schmeer et al conducted a study in Leon, Nicaragua to understand the effects of 
children living in food insecure households with their mothers. The 431 households that 
participated were selected randomly from an existing survey. Each household had at least 
one child ages 3-11 from either an urban or rural area. The household mothers were 
interviewed on their housing conditions, health and social status, and health and 
schooling of the children. Trained nurses collected data on biomarkers from the mother 
and child(s) during the interview. Household food insecurity was determined using the 
Latin America and Caribbean Food Security Questionnaires which consists of 15 
questions related to household experience with food resources. Three primary child 
outcomes were measured including: mother-reported child illness, anemia, and height. Of 
the 431 households, 25% were food secure, 50% mildly food insecure, and 25% 
moderately or severely food insecure. Children 7 years of age and under had a slightly 
higher likelihood of living in food secure households, while children between 7–11 years 
 22 
of age had a higher likelihood of living in households with moderate or severe food 
insecurity. Mothers also reported illness in 52% of the children within the last two weeks 
with fever, vomiting, and diarrhea being the most common. Furthermore 23% of the 
children had anemia, and 30% had low height for age. The three health outcomes showed 
no high correlation with one another (r = 0.04–0.08) indicating that all three were 
independent aspects that may be affected by food insecurity. Multiple logistic regression 
models for all three outcomes also showed a dose-response relationship with moderate to 
severe food insecurity showing larger effects than mild food security. Mild food insecure 
children had 65% higher odds of developing an illness in the past 2 weeks, 60% higher 
odds of developing anemia and 34% higher odds of low height for age compared with 
food secure children. Moderate to severe food insecure children had over 3 times the 
odds of developing an illness and over 2 times the odds of developing anemia and having 
low height for age compared with food secure children. These results suggest that both 
mild and moderate to severe household food insecurity puts children at significant risk of 
illness, anemia, and low height for age. The odds ratio for all three outcomes was even 
higher for younger children ages 3 to 6.16 
Results from the Tolzman et al study was able to provide further insight on food 
desert research. It measured food insecurity in a known food desert which was important 
in defining the issue. The study also identified a number of risk factors in the population 
that could be associated with food insecurity, and identified several predictors of food 
insecurity as well. However, the study acknowledges that generalizing the results beyond 
the specific population studied in La Crosse, Wisconsin may not be possible for 
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unspecified reasons. Other limitations mentioned in the study included self-reporting 
questionnaires which may lead to inaccuracies and a low response rate which fails to 
fully represent the demographic within the food desert. 17  
The Schmeer et al study helped to further the understanding of household food 
insecurity on childhood health in a low income setting of a developing nation. It 
identified how different levels of food insecurity (mild, moderate, severe) impacted 
childhood health across a wide range of ages. Their results were also consistent with prior 
studies investigating food insecurity in developing nations. However, their study was 
limited by the cross sectional nature of the data collected which makes it difficult to 
establish direct causality between food insecurity with the primary health outcomes.5 
Similar to the Tolzman et al study, the results may be difficult to generalize outside of the 
children in Leon, Nicaragua given the limited diversity of the study population.16 
While both studies used a survey-based questionnaire system similar to the USDA 
FSS to generate their results, this methodology is not without limitations. Households are 
typically measured for food security on the basis of individual self-reporting on 
questionnaires.26  While lesser education, lower income, and reductions in income are 
known risk factors for food insecurity,26 these individuals with less formal education or 
employment were also more likely to report food insecurity.15  
This becomes important when it comes to parental reporting on their children’s 
experiences with deficiencies in quantity and quality of foods. This system of parental 
reporting presents problematically in two ways. The first limitation is that it assumes 
parents are fully aware of the complex nature of their children’s food security 
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experiences. A systematic review by Hanson et al found no significant correlation in food 
insecurity and dietary intake, aside from fruits in children. Hanson theorized that parents 
tend to shield children from experiencing food insecurities and are more likely to provide 
some bias reporting on their children’s dietary intake. The study further concludes that 
any associations with food insecurity not being correlated with adverse health outcomes 
should be viewed with caution.26 The second limitation is that it focuses only on terms of 
food quantity and quality without necessarily addressing the other psychosocial causes 
such as on child development.31 Past studies have found that children have more food 
insecurity that their parents know of in more ways than just quality and quantity of food. 
A Fram et al study found that children were more emotionally and physically aware of 
food insecurity, despite the fact that the children were protected from hunger. The 
psychological strain and stress associated with food insecurity in children lead to greater 
consumption of more energy dense food including total calories, fats sugars, and lower 
intake of vegetables. They may also eat denser foods to prepare for future feelings of 
hunger or stress.31 Other similar studies found a connection between food insecurity and 
childhood obesity suggesting that the indirect cause of weight gain may be increased 
energy intake with reduced physical activity. Reasons may include having a poor diet that 
leaves the children too fatigued to participate in physical activity or the children who 
refrain from eating foods due to the worry of food shortages are unable to maintain a 
healthy weight. Children who worry about food insecurity also may show poor 
educational outcome due to the difficulty with concentrating in school and being irritable 
around peers. Ultimately, the study concluded that household food insecurity can affect a 
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child’s physical, mental, socioemotional, and behavioral well-being as well as interfere 
with their educational performance in school.31 
 The existing research can provide many studies showing an association between 
food deserts and food insecurity as well as food insecurity with childhood development. 
However, there are fewer studies that have looked at any clear links between food deserts 
and childhood development. Still, there is much that can be extrapolated from these 
Tolzman et al and Schmeer et al studies including their methodology and limitations. Any 
future study would need to be conducted in a food desert and use questionnaires with 
standardized questions in order to determine food security status. The study design 
should avoid a cross-sectional approach as this would make it difficult to determine any 
causality between the exposure and measured outcomes. Lastly, the results of the study 
should be generalizable outside of the population, demographic, or region in which the 
study was conducted. 
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METHODS 
Study design 
Past studies exploring the links between food security and childhood development 
utilized a cross-sectional study design investigating at specific outcomes at a single point 
in time. The collected data, therefore, becomes limited as establishing causality between 
desired variables becomes more challenging.5 In the Schmeer et al study, it was 
suggested that a prospective study over a longer period of time may be more beneficial.16 
Therefore, this study design proposes using a prospective cohort study method which 
provides evidence of the relationship between the exposure and desired outcome(s). The 
food desert in this study will be selected from the USDA’s national database of known 
food deserts in the US. The two cohort groups in this study will consist of household 
participants who reside in food deserts (exposed group) and those who do not reside in 
food deserts (control group). The participants will be followed over four years and the 
desired outcomes measured including: mid upper arm circumference (MUAC), height, 
and weight. 
Study population and sampling 
For this particular study, the population of interest will be household children 
between the ages of 12 to 14 months who reside in known food deserts and non-food 
desert regions in Somerville, Massachusetts. Selecting participants who are only a few 
months apart decreases the chance of confounding variables, which in children at this 
young age can vary vastly from month to month. Also, children by this age should be 
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weaning away from their mother’s milk and be relying on solid household foods for their 
primary source of nutrition.32  
The parameters to estimate the sample size needed for each cohort made use of 
the following: alpha level 0.05, beta level 0.20, proportion of exposed group 0.25, with an 
effect size of 0.3 in MUAC Z-scores between groups. Participants will be selected from 
three non-food desert areas and one food desert which makes up the proportion of the 
exposed groups. In determining the appropriate effect size for this study, references from 
similar past studies were considered though none could be found at the time of this study. 
Therefore, a small Cohen d effect size (0.2) was considered to be the most conservative 
estimate given that the true effect size in the study is not known. However, it was more 
feasible to choose an effect size of 0.3 for recruiting purposes while still maintaining a 
conservative effect size. Based on those statistical parameters, approximately 467 
participants need to be recruited. The study also assumes a 10% loss to follow up per year 
over the five year course of the study. Therefore, a final of 712 total participants will be 
recruited including 178 from the food desert and 534 from the non-food deserts. 
Inclusion criteria: Participants must have a resident address that corresponds with 
one of the four predetermined census tracts. Participating households must have at least 
one child between the ages of 12 to 14 months. Each household must have at least one 
adult/caretaker over the age of 18. All participants in the study must have lived at their 
respective residence for at least the last six months without having lived anywhere else in 
that time. Exclusion criteria: Those with pre-existing co-morbid conditions, poorly 
controlled medical conditions, or congenital health defects were excluded. 
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Exposure group 
Per standard longitudinal cohort study protocol, there will be two cohort groups 
that will be followed throughout the length of the study. The first cohort group will 
consist of participants that are recruited from the food desert, which will act as the 
exposure group. The second cohort group will consist of participants recruited from non-
food deserts and represents the control group.  
Recruitment 
Participants will be recruited from a region in the greater Boston area of 
Somerville, Massachusetts located in Middlesex County. The desired parameters for food 
desert in this study will make use of the USDA’s definition using census tract data from 
their online database. In particular, census tract #25017339700 of Middlesex County, 
Massachusetts is recognized as a food desert by the USDA.4 In order to reduce the 
number of confounding variables, especially with regards to social economic status of the 
participants in the study, participants from the adjacent census tracts that are not 
considered food deserts will be recruited. In particular, census tracts #25017339600, 
#25017339500, and #25017350104 of Middlesex County, Massachusetts all lie directly 
adjacent to the food desert census tract, but themselves are not classified as food deserts. 
The additional benefit of using the USDA census tract data is the population and 
household estimate (Table 2) are well known, which may make for recruiting participants 
more reasonable. Of the 712 participants needed from the study, 178 must come from the 
food desert. Given the census population total and the national birth rate to be 11.8 per 
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1000 population, recruitment would need to take place over the course of three years in 
order to meet the required sample size. 
Table 2. 2015 Census data of four tracts in Middlesex County, MA 
Census tract  Population total Household total 
#25017339700  3878 1595 
#25017339500  5399 1610 
#25017339600  5024 2167 
#25017350104  7275 2752 
 
The actual recruitment into the study will make use of all the local family 
medicine and pediatrics clinics in and around the surrounding area. The medical 
providers of these clinics will be reached out to with the information about the study 
which they can convey to their patients to garner interests. Anyone that is interested will 
be referred to a number they can reach out to. Also, fliers will be placed up in the clinic 
waiting areas with a number for interested households to call as well. Those who call and 
meet the inclusion criteria may participate in the study. The recruited participants will be 
followed over the next four years until they are approximately 59 months of age. 
Study variables and measures 
Table 3. Anthropometric variables with associated measurement tools 
Outcome Variable Measurement Tool 
Length (infants <2yrs) Holtain Harpenden Infantometer 
Height (infants >2yrs) Holtain Harpenden Stadiometer 
Weight Salter infant/toddler scale 
MUAC UNICEF MUAC measuring tape 
 
The measured outcomes in this study will be the mid upper arm circumference 
(MUAC), height, and weight of all eligible participants. MUAC and weight for height 
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have been used by the World Health Organization (WHO) as two independent criteria to 
assess for nutritional status in many children around the world.33 Weight for height Z-
score (WHZ) is considered the gold standard for assessing acute malnutrition. A WHZ of 
less than two standard deviations has been found to be associated with micronutrient 
deficiencies and increased morbidity, physical development, and cognitive impairment. 
However, its use has come into question due to dependence on body shapes which may 
overestimate the prevalence of acute malnutrition in some population.34 MUAC has been 
found to predict child mortality as well as WHZ or, in some studies, at a higher 
sensitivity and specificity.33,34 Furthermore, Sultana et al found in their study that MUAC 
could stand in place for BMI as an assessment for undernutrition in Bangladeshi adults.35 
While WHZ as a predictor of child mortality varied with age, MUAC better predicts child 
mortality independent of age.36 Therefore, this study will also measure height and weight, 
however the primary measured outcome will focus on the MUAC. Due to its close 
association with food deserts, household food insecurity will also be a measured outcome 
in the study.  
Participating households will also receive a survey similar to the full 18 question 
United States Food Security Scale Survey (US FSS) to assess household food security 
status. Food insecurity will be determined by the USDA guidelines of reporting three or 
more conditions on the survey as true.  
Data collection 
Initially, the participants will be asked to come to a local Cambridge Health 
Alliance (CHA) Somerville clinic to have their baseline MUAC, height/length, and 
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weight measured by a medical assistant trained specifically in anthropometry. Then they 
will be asked to return to CHA Somerville clinic every six months so that their MUAC, 
weight, and height may be measured and recorded. The MUAC will be measured at the 
midpoint of the left arm approximately equal distance between the acromion process of 
the scapular and the olecranon process of the ulnar in accordance with WHO 
guidelines.35,37 MUAC measurements will be made to the nearest 1mm using the standard 
UNICEF MUAC non-stretch measuring tape. Weight will be measured with the subjects 
wearing light or minimal clothing and without shoes using the Salter infant and toddler 
scale with measurements taken to the nearest 0.1kg. Recumbent length in subjects under 
24 months will be measured to the nearest 0.1cm using the Holtain Harpenden 
Infantometer. Standing height will be measured in children over 24 months using the 
Holtain Harpenden Stadiometer to the nearest 0.1cm. All measurements will be taken 
twice and the average of the two values will be recorded. The data collected will be 
compiled on to a spreadsheet and stored on an electronic database for the duration of the 
study. Similarly, at each clinic visit, participating household will also be reassessed for 
food security. The 18 question United States Food Security Survey will be distributed to 
the participants’ caretakers to fill out. The results of the survey will also be transferred to 
an electronic database where it will be stored for the duration of the study. 
Data analysis 
The primary data analysis will compare the Z-scores of those in the exposed 
group (food deserts) and those in non-exposed group (non-food deserts). The raw 
anthropometric data collected including MUAC, weight, height, and age will be compiled 
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and converted into Z-scores against the 2006 WHO Growth Standards for children using 
WHO Anthro Software.36 The change in Z-scores of the exposed group and non-exposed 
groups over the 4-year period will be calculated. Once calculated, the mean and standard 
deviation of the overall change in Z-score can be obtained for both groups. The 
differences in the mean change in Z-scores can then be analyzed using the independent 
sample (Student’s) t-test to test for statistical significant differences between the two 
groups.38 
There are several advantages of using Z-score for results interpretation. Z-score 
scales are linear with fixed intervals for height, and weight in children of similar age. 
Thus, the Z-score has the same statistical relation to the reference distribution around the 
mean for all the ages. If, for example, the difference for height-for-age distribution of a 
59-month old boy between a Z-score of -3 to -2 is 4cm, that same 4cm difference exists 
between a Z-score of +1 and +2. In other words, Z-score is standardized (normally 
distributed) which eliminates wide variations in the growth chart allowing the results to 
be comparable across many different age groups. This idea holds true for gender as well 
which allows for Z-score comparisons to be made across both gender and age groups.39  
The secondary data analysis will examine the relationship between living in a 
food desert with food security status. Using the results from the FSS survey on food 
security and the census tract data, a Chi Square will be used to test for any significant 
association between the variables.  
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Timeline and resources 
The study design will be submitted to the IRB for approval, which will take 4-6 
weeks before the first phase of the study can begin. The first phase of the study, the 
recruitment phase, will need to be conducted over the course of three years and will make 
use of the local clinics already established in the area. Resources will be needed to place 
request permission and place fliers in the waiting rooms of these clinics. Study 
coordinators will reach out to the providers at these clinics to inform them of the study 
and ask them to help recruit their patients to participant in the study. Primary 
investigators will field calls from interested household participants and recruit those who 
are eligible into the study. The second phase of the study, the data collection phase, will 
begin soon after the participants have agreed to the study with them coming into the local 
CHA clinic to have baseline arm circumference, length, and weight measured by trained 
medical assistants and household food security status reassessed. The only special 
equipment needed will be the Holtain Harpenden Infantometer, Holtain Harpenden 
Stadiometer, Salter infant/toddler scale, UNICEF MUAC measuring tape though most of 
this equipment is already available at most standard clinics. There are no special space 
requirements to consider as the clinic will serve as the site for obtaining measurements. 
This phase will take place of the next four years of the study as anthropometric value are 
obtained every six months during this time. Over the course of the second phase, the 
anthropometric data will be compiled by the primary investigators for ongoing analysis. 
No special equipment is needed outside of a standard office space with a desktop 
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computer containing WHO Anthro Software needed to compile the data. The data can be 
stored in an electronic database on a secure hard drive.   
Institutional Review Board 
This study will look at the relationship between children living in food deserts and its 
effect on their growth and development. The study will request approval permission from 
the Boston University IRB given the nature of the research on human subjects especially 
involving children. The study will seek to apply for Category 4 expedited review based 
on its design methods. The method puts the participants at minimal risks and involves 
collection of data through non-invasive procedure employed in routine clinical practice. 
All information obtained will be kept confidential from others in the study. The study 
design requires willing participants to travel to a local clinic to have basic anthropometric 
values recorded including arm circumference, height, and weight. These measurements 
will be obtained in the standard manner similar to what is seen in daily routine clinical 
practice. Past studies have used these anthropometric values to assess nutritional status in 
children around the world as they are non-invasive and quick to perform compared to 
other methods. Informed consent will be obtained beforehand from all willing 
participants. There are no special provisions to consider in this study.  
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CONCLUSION 
Discussion 
The prospective cohort is a stronger study design when examining food deserts 
compared to the cross-sectional study that is used in much of the literature. In a cross-
sectional study, establishing or whether the exposure or the outcome came first is very 
difficult. In prospective cohort studies, a temporal relationship can be established 
between the exposure and one or multiple outcomes. In regards to the data analysis, using 
Z-score to look for significance in the hypothesis was based on previous literature 
looking at relationships between childhood development and nutrition status. There are 
many variations in the physical characteristics of children especially at that age, which is 
accounted for when using the Z-score because of its normal distribution.40 Thus, 
confounding factors like age and gender are already addressed using this method. 
This study design, however, is not without its own limitations. The most notable 
may be the non-differential misclassification bias that exist by using census tracts to 
create the two groups in the study. The census tract lines that are used to define an area as 
a food desert is completely arbitrary. As such, residents are free to move across them and 
up in an area not classified as a food desert or vice versa. A non-differential 
misclassification bias occurs when there is an equal probability that all participants in a 
study are misclassified. This bias tends to bias towards the null hypothesis and thus 
underestimates any significant effect between the two groups.  
Another limitation that exist with all studies, but is especially important with 
prospective studies on food deserts is the loss to follow up of the participants. As 
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previously mentioned, residents who live in food deserts already generally have lower 
income and issues like transportation can become difficult.1,3,19,20 Therefore, there is a 
strong possibility that there may be more participants that are lost to follow up in the 
exposed group due these social economic risk factors. This in turn could lead to a bias in 
the results of the study. 
Although this study design limited the number of confounding variables, there are 
inevitably those not accounted for. The Z-score accounts for differences in age and 
gender among children in the study, but it does not account for the racial and ethnic 
disparities that may exist between them that could affect arm circumference, height and 
weight. Since the study did not stratify the data to account for the demographic data of 
the participants in the study, any significant difference supporting the hypothesis may be 
due to these demographic factors and not necessarily the exposure. Another variable not 
accounted for was the nutrition status of the children or the mother during pregnancy 
prior to the start of the study. One study found that exclusive breast fed babies may have 
a higher incidence of being malnourished compared to the general population.41 In 
addition, another study noted that mothers who are underweight in the third trimester of 
their pregnancy tend to bear infants with lower average birth weights.42 However, these 
studies did not provide a clear relationship to food deserts and this data was therefore not 
collected during the course of this study. Future studies may want to examine the 
association between these confounding variables with food deserts in further detail. 
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Summary 
This paper has aimed to highlight one of the gaps in the literature that exist in the 
field of public health research. There are far fewer studies that examine food deserts and 
its effects on the general population. By comparison, there exists far more research on 
food security and its impacts. While both topics seem to underscore a disparity in 
resource allocation in the community, more focus has been placed on food security in the 
literature. This may be related to the nebulous nature of food deserts as evident by how 
even the experts on food deserts studies cannot come to a consensus on its definition. 
Some studies have based the parameters of food deserts on arbitrary geographic markers 
while others have implemented a chronological component as well.  The inconsistencies 
from study to study may have impeded the ability of research on how to best address this 
public health issue. This paper and study design proposal was created by examining the 
gaps in the literature and propose a study design that could address these inconsistencies. 
First, this study establishes a firm, standard definition of food deserts. The goal is that all 
future studies on food deserts will adopt this standard definition, as is the case with food 
security, so that the results of multiple studies can be compared with one another. Next, it 
follows participants over a long period of time compared to the majority of food desert 
studies in the past that have been cross-sectional and, therefore, unable to establish any 
temporality or eliminate residual confounding variables. Finally, it seeks to establish an 
association between food deserts, food security, and childhood growth and development, 
which has not been examined in detail in past studies. Overall, the results of this study 
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may propel food deserts forward into a new light which may pave the way for future 
studies to build on. 
Clinical and/or public health significance 
The results of this study could have incredible potential implications on the field 
of public health. There have been few studies that investigated the link between food 
deserts and childhood growth and development. Furthermore, of those studies available, 
even fewer have used a longitudinal cohort method to examine the effects of food deserts 
over a prolonged period of time. Although this study proposal will follow children up 
until the age of 59 months, there is potential that future studies could extend the 
timeframe and monitor the development of these children over the next 5-10 years. Given 
that this study proposal is nearly unprecedented in the current literature, there are many 
different directions the data from this study can be used to propel other studies. 
Moreover, the implications of this study could provide new data on the impact of food 
deserts in the community that could lead to policy changes. These policy changes could 
lead to reduced disparities in many urban and rural areas or affect how public health 
resources are allocated. 
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